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ABSTRACT

RESIK bent crystal spectra (38- 6.1 A) constitute a
unigue database to study the distribution of plasma with
temperature in solar flares. A convenient way to describe
this is based on the interpretation of so-called differen-
tial emission measure (DEM) distributions. DEM shape
contains important information for investigations of the
energy transport processes and studies of flare energy bal-
ance.

From many methods available for determination of DEM
shape we selected to use the "Withbroe - Sylwester” mul-
tiplicative iterative algorithm, in order to interpret oER

SIK line and continuum fluxes. The respective emission
functions were calculated based on the CHIANTI spec-
tral code. The nineteen independent input fluxes as mea-
sured throughout a number of selected flares have been
used for DEM determinations. In the present study, we
compare and discuss the DEM shapes as obtained for two
groups of flares - short and long duration - in order to
check for presence of any noticeable differences.
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1. INTRODUCTION

The multi-temperature analysis of the X-ray data pro-
vides important information about physical conditions
within flaring plasma. The distribution of plasma accord-
ing to the temperature DEM g(T') is defined as:

,dV

e ﬁ (1)

o(T) =
wheren, is electron density]" - temperature and’ is
emitting volume.

The knowledge of DEM distribution allows to study in
detail physical conditions (eg. mean temperature, total
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Figure 1. The theoretical emission functions (lines plus
continuum included) used in the calculations. They have
been computed using CHIANTI package.

emission measure, total thermal energy content and ener-
getics of flaring plasma).

From many methods allowing to determine DEM (Pot-
tasch, 1964, Batstone et al., 1970, Jordan et al., 1971,
Dere et al., 1974, Phillips K.J.H., 1975, Withbroe, 1975,
Sylwester et al., 1980, Baker, 1981, Siarkowski, 1983,
Fludra et al., 1986, Lemen et al., 1989, Doschek et al.,
1990) we have chosen the Withbroe - Sylwester (W-S)
multiplicative algorithm (Withbroe, 1975, Sylwester et
al., 1980) relying on the maximum likelihood approach.
In this paper we present the calculated distributions of
DEM for example flares belonging to two classes: short
and long duration events (SDE and LDE, respectively).
Our aim is to check whether there exist the differences in
DEM distributions for this two classes of events.
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Figure 2. The average spectra in the four RESIK channelslim#s used for determination of DEM indicated.

2. CALCULATIONSOF DEM distribution, ¢;1(T'), is calculated from preceding one
¢, (T)tusing the following formula:

2.1. Data k
> iz ciwi(T)

Sy wi(T) @

pj+1(T) = ¢;(T)
RESIK is the bent crystal spectrometer aboard the
C_ORONAS—FsateIhte designed to observe solar active re- where:w; (T) is the weight functiong; is the correction
gion and flare plasmas spectra (Sylwester et al., 2008). tacio takenas, = F,;/F.: andF s the flux observed

is instrument registrated spectra in four wavelength S ; _-

bands from 3.3A to 6.1 A. In this spectral ranges the in line/band: (i = 0,1,2 ... k). Predicted fluxF; is
emission lines of Al, Si, S, Ar, and K from H- and He-
like ions are observed.

calculated (inj*" iteration) by the formula:

Fu= / " f(T)py(T)dT 3)
0

From a large RESIK database, we selected six well ob-
served flares. They occurred in January and February _ o S
2003. We have chosen flares which are distinct in their Where: f;(T') is the emission function in line/barid
duration. Three of selected flares are characterized as )

SDE (duration 10 - 20 min) while the other three as LDE  In the calculations we have useg(1")=const as zero ap-
(durations 1 - 2 hours). In the Table 1 we presented the Proximation.

following characteristics for individual flares: key, date o ] ]

start, maximum and end times, tB®ESclass, location The emission functions used in present study have been

on the solar disc and class according to flare duration. ~ calculate d using CHIANTI packages (Dere et al., 1997,
Landi et al., 2005) and are illustrated in Figure 1. (These

emission functions correspond to selected spectral bands
2.2, Withbroe Sylwester algorithm shown in Figure 2 and contain both line and continuum
- contribution.)

The W-S algorithm (Withbroe, 1975, Sylwester et al., In Figure 2 we present the average spectra in the four
1980) represents an iterative maximum likelihood pro- RESIK channels with lines for determination of DEM in-
cedure in which the next approximation of the DEM dicated. In the set of selected bands used for the DEM
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Figure 3. Time evolution of the DEM as calculated for six sdliares (see Table 1). Left panel presents DEM distributions
for short duration events, while in right panel DEM shapeslfing duration flares are shown for the rise (dashed),
maximum (solid line) and decay phases (dotted).

Table 1. Main characteristics of the flares selected for gsisl

Key Data Start [UT] Max[UT] End[UT] GOESclass Location Duration
a 28 February 2003 06:20 06:28 06:34 Cl1.7 N15 E88 Short
b 21 January 2003 02:23 02:28 02:33 c8.1 N14 EO09 Short
c 14 February 2003 08:37 08:47 08:57 Cl4 N12 W88 Short
d 21 January 2003 14:59 15:26 15:52 M1.9 S07 E90 Long
e 27 January 2003 21:42 22:19 22:50 c24 S17 W24 Long
f 15 February 2003 07:27 08:10 09:02 C4.5 S10 W89 Long




Table 2. Spectral bands used in DEM calculations.

No Wavelength range Main line
1 3.360A-3.380A  Ar xvil 3p
2 3.410A-3.440A  Ar xvi 3p sat.
3 3515A-3.541A K xvii (w)
4 3560A-3580A  Kxvii (2
5 3.680A-3.710A S xvi 5p

6 3.720A-3.745A  Ar xvin 2p
7 3.775A-3.791A Sxvi 4p

8  3.940A-3.960A Ar xvi 2p
9  4.075A-4.092A Sxv 4p
10 4.275A-4.315A Sxv 3p
11 4.715A-4.740A SxvI 2p
12 4.815A-4.850A SixIv 5p
13 5.010A-5.075A  Sxv 2p W)
14 5.075A-5.120A Sxv2p(@
15 5.200A - 5.240A Sixiv 3p
16  5.260A - 5.300A Si X1l 5p
17  5.380A-5.320A Si X 4p
18  5.650A-5.710A Sixin 3p
19 5.790A-5.845A  Sixi 3p sat.

analysis the fluxes consist of line and continuum emis-
sions. We have chosen 19 bands (wavelength regions) for
the DEM calculations, which characteristics (wavelength
ranges and description of main line) are presented in Ta-
ble 2.

Not always all 19 bands have been used for DEM deter-
minations. Those lines which have not been observed or
have been poorly noticeable have not been used for cal-
culations. The number of lines used for analysis varies
from flare to flare between 14 and 19.

3. CONCLUSIONS

In Figure 3 the DEM distributions are presented for the
rise, maximum and decay phase of six solar flares belong-
ing to two classes: short (SDE) and long duration events
(LDE) - left and right panel, respectively.

From the analysis of differential emission measure dis-
tributions calculated based on RESIK data for SDE and
LDE the following conclusions have been made:

1. For both groups of flares the shapes of DEM represent
two component distributions. One component contains
the relatively cold plasma with temperatures between 5
MK and 10 MK and the other component contains the

hotter plasma with T between 15 MK and 25 MK.

2. The average temperature of the cold component is

rather stable during the flare evolution while characteris-
tics of the hotter plasma depend on the flare phase. Dur-
ing the flare decay the hot component cools down and is
bulk shifted towards the lower temperature range.

3. The relative amount of hot and cooler plasma is differ-
ent for various flares; for strong flares the amount of hot
plasma is comparable with the amount in the cooler one.

4. There is no apparent difference in the shapes of DEM
for SDE and LDE. The only remarkable difference is that
for SDE the temeperatures of both components are usu-
ally slightly lower in comparison with LDE.
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